. Control subjects were either the relatives of stroke patients or selected randomly from the patients reporting to the hospital for treatment. The detailed case history and stroke characteristics were collected. Oral examination was done using the WHO Oral health assessment questionnaire and oral hygiene practices were obtained from the patients. Stroke outcome was assessed using modified Rankin scale (mRS) (good [mRS ≤ 2]; poor [mRS > 2]). Results: One hundred and eight first-ever ischemic stroke patients and 108 age-and gender-matched healthy controls were included. Thirty-six (33.3%) patients showed periodontal damage, only 15 (13.9%) of controls had periodontal involvement (P = 0.001). Periodontal disease was commonly seen in stroke patients than the control subjects (odds ratio 3 [95% confidence interval: 1.6-6.1]; P = 0.0007). Stroke patients (17.4%) were more likely to use a finger or twig to clean their teeth than controls (1.9%) (P < 0.0001). Stroke patients had more number of missing teeth (4.02 ± 5.85) as compared to controls (1.81 ± 3.89) (P = 0.002). Conclusions: Periodontal disease was common in stroke patients as compared to controls. Oral hygiene-related behavior of stroke patients may have a role to play in the complex interplay of factors linking periodontal disease and edentulism to stroke.
INTRODUCTION
Stroke is a global health problem and a leading cause of adult disability worldwide. In last decade, age-adjusted incidence rate of stroke is increased by 12% in low and middle-income countries (LMICs) and decreased by the same proportion in high-income countries (HICs). [1] The common modifiable risk factors for stroke include smoking, excess alcohol intake, hypertension, diabetes, obesity, and cardiovascular disease. [2] Chronic oral infections like periodontitis may be an under-recognized risk factor that may be linked to stroke via several pathways. [3] Impact of stroke can be reduced by early detection and modifications of risk factors.
Periodontitis is the most common oral infections in humans. Periodontitis was defined as the inflammation of the supporting structure of the teeth characterized by alveolar bone loss and periodontal pocket formation or recession. Globally, periodontitis can affect 90% of the population, and 10-15% of the world population have severe periodontitis. [4, 5] In a recent multicenter study from India, prevalence of periodontitis in general population of age group 35-44 years ranged from moderate: 15-48%; severe 1-9.7% and in age group 65-74 years moderate periodontitis: 1.7-55.2%; severe 0.6-15.6%. [6] The prevalence of moderate and severe periodontitis in urban Ludhiana was 43.2% and 22.9%, respectively. [7] Gingivitis is the mildest form of the periodontal disease. Gingivitis can develop within days due to the accumulation of dental plaque on the teeth and other nonshedding surfaces in the oral cavity. Periodontal disease may increase the levels of inflammatory mediators in the systemic circulation and initiate atherosclerotic process. [8, 9, 12] Periodontitis may also be linked with stroke through noncausal confounding pathways which may include common risk factors like age, heredity, diabetes mellitus, smoking, socioeconomic status, obesity, health-related behaviors, etc. [10] Periodontitis results from a complex interaction between the plaque microbes and the inflammatory host response, causing destruction of the supporting tissues of the tooth and ultimately tooth loss. [11] Several oral bacteria such as Streptococcus sanguis and Porphyromonas gingivalis have been implicated in the infectious etiology of atherogenesis. [13] Furthermore, the types of oral hygiene practices followed by the individuals determine to a large extent their oral and periodontal health. Several studies have found significant associations between stroke and periodontal disease. [14] [15] [16] [17] [18] [19] [20] [21] [22] These studies were mainly conducted in HICs. There is a lack of information from LMICs. Furthermore, little is known about the oral hygiene practice in stroke patients. [23] Hence, this study was carried out with the following objectives:
• To find the prevalence of periodontal disease in stroke patients and compare with age and gender matched controls • To compare the oral hygiene practices followed by stroke patients and controls.
MATERIALS AND METHODS
This age-and gender-matched case-control study was conducted in a tertiary hospital in Northwest India from March 2010 to March 2011. All first-ever ischemic stroke patients over 18 years of age admitted in the stroke unit were included. Critically ill patients or patients with Glasgow coma scale < 5 were excluded. [24] Control subjects were either the relatives of stroke patients or selected randomly from the patients reporting to hospital for treatment. They were also recruited from Dental camps. These camps are conducted by the hospital at least once in a month in rural villages. Free dental check-up and subsidized treatment are provided in these camps. Controls did not have a stroke and were matched for age and gender.
Data collection
The baseline demographic details, oral and personal habits, and oral hygiene practices were collected from stroke patients and controls. The baseline demographics collected were age, gender, education, occupation, and religion. Education was classified into lower (illiterates and up to primary level) and upper (secondary school and beyond). Stroke details like risk factors of stroke and severity of stroke (National Institute of Health Stroke Scale) [25] were collected from patients. Outcome (modified Rankin scale [mRS]: Good [mRS ≤ 2]; poor [mRS > 2]) was documented at 1 months follow-up by telephonic interview. [26] Oral health assessment of both cases and controls was done using the WHO oral health assessment form and examination was carried out using a mouth mirror and a WHO probe. [27] The examination in stroke patients was done within 1-week of hospital admission. For evaluating periodontal destruction, we used two parameters, the community periodontal index (CPI) scores and loss of attachment (LOA). [27] The CPI included 6 categories: 0: Healthy; 1: Bleeding; 2: Calculus; 3: Pathological pocket 4-5 mm; 4: Pathological pocket 6 mm or more; X: Excluded sextants. For the analysis, it was grouped into two groups as 0-2: Gingivitis; 3-4 periodontitis with pocket ≥ 4 mm. [18] There are 6 categories in LOA: 0: 0-3 mm; 1: 4-5 mm (cementoenamal junction (CEJ) within black band); 2: 6-8 mm (CEJ between upper limit of black band and 8.5 mm ring); 3: 9-11 mm (CEJ between 8.5 mm and 11.5 mm rings); 4: 12 mm or more (CEJ beyond 11.5 mm ring); X: Excluded sextant.
The number of decayed, missing, and restored teeth was calculated from the dentition status recorded in the WHO oral health assessment performa. A prosthetic need in any of the arches indicates loss of teeth (edentulism) which indirectly may correlate with either severe periodontal damage, teeth missing due to caries or trauma. Prosthetic need consisted five categories: 0: No prosthesis needed; 1: Need for one-unit prosthesis; 2: Need for multi-unit prosthetic; 3: Need for a combination of one and/or multi-unit prostheses; 4: Need for full prosthesis (replacement of all teeth). For the analysis prosthetic need is grouped into two categories: No prosthesis needed and prosthetic needed.
Dental hygiene practice of stroke patients and controls was documented using structured questionnaire. It included information about type of cleaning (toothbrush, finger or twig), method of cleaning (horizontal or vertical), material used to clean the teeth (paste, charcoal etc), frequency of cleaning in a day and time of brushing (before or after meal). Twigs are chew sticks that are made from a tree with antimicrobial properties. Charcoal is black powder prepared by heating wood or other substances in the absence of oxygen. This powder is odorless and tasteless.
A written informed consent was taken from all patients before the questionnaire was administered. The study protocol was approved by the Institutional Research Committee.
Statistical analysis
Chi-square and Fisher's exact tests were used to study the relationship between categorical variables. Comparisons between continuous variables were done using Student's unpaired t-test. A P < 0.05 was considered significant. Statistical analysis was performed using SPSS version 21.0 (Armonk, NY: IBM Corp 2013).
RESULTS
This study included 108 ischemic stroke patients, and 108 age-and gender-matched control subjects. There was no significant difference in the demographic details between cases and controls [ Table 1 ]. Thirty-six (33.3%) patients showed periodontal damage, only 15 (13.9%) of controls had periodontal involvement (P = 0.001) [ Figure 1 ]. Periodontal disease was commonly seen in stroke patients than the control subjects (unadjusted odds ratio: 3 [95% confidence interval [CI]: 1.6-6.1]; P = 0.0007).
Comparison of dental hygiene practice and intraoral variables between stroke patients and control subjects Stroke patients 16 (17.4%) were more likely to use finger or twig to clean their teeth as compared to controls 2 (1.9%) (P < 0.0001). The control group was in the habit of brushing more than once a day 29 (26.9%) as compared to patients 7 (7.7%) (P < 0.0001). Stroke patients had more number of missing teeth (4.02 ± 5.85) as compared to controls (1.81 ± 3.89) (P = 0.002).
The average decayed missing filled teeth values in stroke patients (8.7 ± 7) was significantly higher than controls (6.4 ± 5.3) (P = 0.01). More number of stroke patients had CPI index value >3 (pathological pocket ≥4 mm) (P = 0.001). Severe LOA (6-8 mm) was evident in 15 (13.9%) patients and only 5 (4.6%) in control subjects (P = 0.003). Prosthetic need in either upper or the lower arch (stroke patients 75 [69.4%] vs. controls 53 [49.1%]; P = 0.002) was also different between the two groups [ Table 2 ]. Differences in risk factors, stroke severity, and outcome in stroke patients with and without periodontal disease There were no significant differences in risk factors and stroke severity in stroke patients with and without periodontal disease [ Table 3 ].
DISCUSSION
In this study, stroke patients had more periodontal damage and higher CPI values as compared to controls. Severe attachment loss (6-8 mm) was more prevalent in stroke patients. While 69.4% stroke patients showed a prosthetic need in either of the arches, only 49.1% controls showed a need for any prosthesis. Thus, stroke patients were more likely to be suffering from poor oral and periodontal health as compared to controls.
Periodontal infections may act as one of the risk factors which may be linked with stroke via different pathways. Many of the organisms implicated in periodontal infections like porphyromonas gingivalis have been isolated from the atheromatous plaques in stroke patients. These organisms may enter the systemic circulation from the oral cavity during routine activities like tooth brushing. Periodontal infections being inflammatory in nature may also increase the levels of pro-inflammatory mediators circulating in the blood thus initiating atherogenic processes. Apart from these, periodontitis may be linked to stroke through noncausal pathways by the involvement of common risk factors like age, heredity, obesity, diabetes mellitus, smoking, etc. [3, 10] Periodontal status of a patient is also determined by the type of oral hygiene practices followed by them.
In this report, poor dental hygiene practices were common in stroke patients, which is similar to other studies linking poor dental status and periodontal disease. [19, 20, 22, 28] According to Wu et al. 2000 , gingivitis and periodontitis were significant risk factors for both incident and fatal stroke. [22] A recent hospital-based case-control study reported from India, stroke patients had higher mean values for various gingival and periodontal parameters as compared to controls. [28] Probing depth of >4.5 mm was found to be highly significant for stroke risk with an odds ratio of 8.5. [28] The reason for edentulism is difficult to determine and may be related to caries, periodontal disease, poor nutrition or trauma. This may result in a residual confounding effect, and thus we cannot establish a direct causal relationship between prosthetic needs and stroke. Our results are similar to Elter et al. They found a higher frequency of attachment loss and edentulism in stroke patients but could not establish a cause and effect relationship. [3] Frequency of tooth cleaning indicates oral hygiene-related behavior, thus patients with poor oral hygiene practices were significantly more likely to develop stroke and as these patients may also be more likely to develop periodontal disease this further strengthens the relationship between periodontal destruction and stroke.
One of the limitations of this study was the exclusion of severity of gingival inflammation in our oral parameters. In another study, gingivitis was independently associated with cerebral ischemia. [19] There is no universal definition or cut-off for periodontal disease, and the measures vary in different investigations. The effect of past periodontal destruction is quantified by attachment loss, but that variable is also affected by the loss of teeth especially those lost because of severe periodontitis. Thus, quantification of periodontal disease is not easy. 
CONCLUSION
Periodontal disease was common in stroke patients as compared to controls. Oral hygiene-related behavior of stroke patients may have a role to play in the complex interplay of factors linking periodontal disease and edentulism to stroke. In future, studies with larger sample size are necessary to verify and quantify the role of gingival and periodontal infection in the pathogenesis of stroke.
